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By Philip Donely and Henry A. Pearson
SUMMARY

Resunlts are given of pregsure-~distribution measure-
ments made in flight over the right wing cellule and the
right half of the horizontal tall surfaces of a dive-
bonbing biplane. Simultaneous measuremsnts were also
taken of the air speed, control-surface positions, control
forces, and normal accelerations during various abrupt ma-
neuvers in g vertical plene. These maneuvers consisted
of push~downs and pull-ups from level flight, diwes and
dive pull-outs, and push-ups from inverted flight.

In cddition to the pressure moasurements, flight
tests wore made to obtain (1) wing-fabric deflections dur-
ing dives and (2) variation of the minimum drag coeffi-
cient with Reynolds Number. Supplementary tests were also
made in the full-scale wind tunnel to obtain the character—
istics of the sairplane under various propoller conditions '
and with various tail settings. oo

The results indicate that: (1) By decreasing the
fabric deflection between pressure ribsg, the span.load
digtribution was consideradbly modified near the center and
the wing mnoment relations were changed; and (2) the mini-
mum drag was less for the ldling propelle: than for the -
propeller locked in a vertical position. The value of

GDmln was equal to K(Reynolds Number)~°-°3 for a range

from 2,800,000 to 13,100,000.
INTRODUCTION

This report summarizes the results of various tests
of a Navy dive bomber conducted in 1933-34 by the N.A.C.A.
at Langley Field, Va. These tests were made in accord-
ance with requests from the Bureau of Aeronautics, Navy
Department. =
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The primary objects were to obtaln data on the wing
load digtribution, the structural deformations of thea
wing, the sgstresses in several wing members, and the-.,all
loads in the maneuverg for which the airplane wag de—
gigned. Thesge data were then to be used by the Navy as a
check on the structural-design reguirements that had been
established for this type of airplane. 4 secondary ob-~
Jject was to determine the effect ¢f the structural defor-
mationsg on the load distribution by comparing the results
from the critical maneuvers with results obtalned at the
same conditions of angle of attack but at such low air
speeds that the loads and corresponding deformatlons would
be’ negllgible.

For a number of reasons these objectives were only
partly attained. It was found that the bad vibration
charactoristics of the airplane, together with the reola-
tively rigid wing structure, precluded obtaining suffi-
ciently accurate wing-deflection measurements in flight-
to be of significance. Such deflection mecasurements wore
taken with a camera having multiple telephoto lenses.

For the stress measurements, it was originally intended

to use commercial magnetic—drive strain gages; these gages
proved unsatisfactory, however, because of driving diffi-
cultles encountered as a result of the vibration.

Except for the. failure to obtain the wing deforma-
tions and svar. . .stress measurements, the objectives were
attoained. In addition to the prespure-~distribution tests
over wing and tail surfaces, a number of supplementary
tests werc made to obtain more information concerning l1ln-
teresting phenomens observed during the main test progranm,.

APPARATUS

Ailrplane.~ The airplane used in thig investigation
wvag a Martin XBM-1 airplanc (fig. l) modified at the fac-
tory from the regular service type (BM-l) as required by
these tests. The essentinl characteristics of the air-
Plane werec not changed by the modifications, which con-
sisted mainly of the permanent installation of speclal
presgure ribs and pressure tubes, ds well as the installa-
tion, in the fuselage, of ingtrument mounts that replaced
the right fuel tank and service equipment in the rear
cockpit. The dimensions of the XBM-1 pertinent to this
report are given in table I.
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The wing incidence may be taken as 0° over the great-
er portion of the span, as shown by measurements made from
time %o time during the tests. For the partion anear the
tip where rounding occurred, there was & gradual washout
increasing from 0° to about 3° at the extreme tip. This
twist resulted from the fairing of the tip sections during

-congtruction, :

Ingtruments.~ The following standard N.A.C.A. photo-
graphically recording instruments were uBEd during the
tests: Lo _

(a) One tyne 60 and two type 70 multiple recordlng
manometers.

(b) 4ccelsrometer.

(e¢) Air-speed fecorder.

(&) OControl-force recordar.
(e) OControl-position recorder.
(f) Synchronizing timer.

(g) 1Inclinometer.

In addition to the foregoing instruments, a camera with
multiple telephoto lenses and several magnetic-—drive
strain gages were used during some of the teste. The cam-
era may be seen in figure 1 mounted in the rear cockpit
with its lenses trained on source lights on the lower sur-—
face of the upper wing. As opreviously mentinned, however,
the vibration and structural characteristics of this air-
plane prevented the obtaining of satisfactory records
with the camera and the strain gages.

A pitot heasd, mounted on a boom about one choré length
forward of the leading edge of the upper wing (see fig. 1)
in order to reduce any interference error, was uséd to
measure the air speed; it was calibrated in level flight.

Pregsure ridbg, tubing, gand orificegs.—~ The original in-
stallation of pressure ribs, tubing, and orifices iB both
wing and tall surfaces was made a2t the Martin factory in
accordance with previous N.A.C.A. practice (reference 1).
The orificc blocks for the ' wing pressure ribs were connect-
ed to the manometers by aluminum tubes and were secured to
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rigid rivs at the locationse shown 1in figure 2. Orifices

at correcsvonding stations on the upper and lowor surfaces
of tho wing wero connected to opposite sides of the same
pressure cell to give the resultant pressure at that sta-
tion., Table II gives thec location of thesc stations along
the rib chords. Rubber tubes weréd ussd as connesctions be-
tween fixed and movable surfaces. The orifices in the cor-
rugated-skin stabillgzer were located so that the orifice
ovenings were cven with the crogts of the corrugations and
the whole surface was then covered with fabric. Tho smooth
surface was provided to prevent local effects of the cor-
rugoations on tho pressure measuremcnts.

In the first installation, the wing fabric was se-
curod to the pvresgsure ribg only by the clamplng actlon
of the orifice caps. During preliminary dives, it was
found that the fabric pulled loose at several of the ori-
fices because of the magnitude of-.the pressures at such
locationg in combination with the relatively large wing-
rib spacing. The original insgtallation was then altered
by encloging each pressure rib in a tightly fittlng fab—~
ric envelope to which the outer fabric was sewed along the
entire ri®t length. With this installation, no pulling of
the wing fabric could occur at the orifices and the true
wing profiles were maintained at the pressure ribs.

Floating orificeg.~ Even though the profiles wore
maintained at the pressure ribs by the method employed,
further tests indicated that the dlstributions measured at
these sections might be considerably different from those
occurring at unsupported sections. Accordingly, a single
row of orifice blocks (rib G, fig. 2) was fastened direct-
ly to the fabric midway bctween two adjaccnt wing ribs on
the lower wing.

Fabric~defiection regorderg.—~ During some of the dilves,
the fabric deflection was measured at geveral spanwisse sfta-
tions by rocording the travel of small wire pointers ot-
tached to the fabric inside the wing. The wirosg were re-
strained by guides to move vertically and made scratch
records on smoked-glass plates attached to the wing spars.

METHOD. AND TESTS

Preliminary tegts.~ Because of the experimental na-~
ture of the airplane and because of the severlity of the
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manouvers to which i1t was ultimately to be subjected, sev-
eral preliminary dives were first made to check the struc-—
tural strength. These tests consisted of a series of
dives graduell; approaching terminal velocity and a 5g
pull~out. These preliminary tests, as mentioned previous-
ly, showed the need for altering the method of fabric at-
tachment and indicated that tho fabric-4oflection measure-

.ments and pressures over a floating rid would be of in-

teresat. oo

Wing pressure-distribution meagurements in flight.-
The flight tests consisted mainly of measuring the resgult-
ant pressure distribution over the right wing cellule and
slipstream area during various maneuvers in a vertical
plane. The maneuvers consisted of terminal-velocity dives,
dive pull-outs, push-downs.and pull-ups from level flight,
and push~ups from inverted level flight. Thus the 1if%
range was covered from maximum positive to maximum negative
1ift coefficients for the symmetrical-flight condition.
Excopt for the dives and dive pull~outs, in which the en-
gine was fully throttled, the flights were made with power
on. In addition to the pressure distribution, simultans-
ous neasurements were taken of the air speed, accelera-
tion, control force, and control positions. SR

Pressure-distribution results from floating rid G,
together with fabric-deflection measurements, indicated
that the span loading would undoubtedly be wavelike, with
the crests occurring at stations between ribs and the
troughs at the wing and pressure ribs. The conditions ob~
tained in flight on rid G were simulated by loading a
vortion of fabric. It was found that, although the fabdbric
could sustain the reguired loads when relatively new, 1%
might not do so after weathering. Thig fact was called
to the attention of the Bureau of Aeronautics, Navy Depart-
ment, with the result that the number of profile ribs on
all airplanes of this type wers doubled. This change was
also made on the present airplane without disturbing any
of the previous pressure ribs except rid D, which was
moved over to position D! awey from the proximity of the
interplane struts (fig. 2); floating rib G was elimi-
nated. Some of the previous tests were then repeated. In
order to distinguish the data in this report, the results
obtained before doubling .the number of profile ribe are
designated as those for "original" ribd spocing as contrast-
ed with those obtainsd later with the "modified" rib spac—
inge -



Pressure digtribution over the tail in flight.- The
load distribution over the right .half of the horizontal
tail surfaces was mcasured in a few dive pull-outs and ab-—
rupt pull-ups from level flight. During these tests, si-
multaneousg measuremehrts were alsgo taken of the control
force, control position, air gpsed, and normal accelera-
tions. The tegts of the tail gurface were made upon con-
pletign of the flight tests with the modified wing. The
tubing from the orifices in the tail was faired around the
monocogque fuselage and brought to the manometers, which
were located in the rear cockpit. A portion of the in-
stallation may be seen in figure 1.

Windwtunnel tegts.~ Upon the completion of the flight
testes with the original ridb gpacing, the airplane was
mounted in the fullwscale wind tunnel and both force and
pressure-distribution measurements were made. In the force
tests, the 1lift and drag variation with the propeller re-
moved was measured first with the horizontal tail surfaces
removed and then with the surfmceg in place for various
elevator angles. Force tests were also made with tall
surfaces in place for the caso when the propeller was
locked in a vertical position and also when the engine was
operating with the throttle closed. Several additionmal
flight tosts were subsequently made for the purpose of ex~
tending the range of wvariation of CDmin with Reynolds

Number when the propeller was locked and also when 1t was
idlinge. gl

The pressure distribution of the wing was also meas-—
ured in the wind tunnel when the propeller was. locked and
when the propeller was idling, with the horizontal tall
gsurfaces in place. These pressure measurements were taken
with the flight pressure-distribution installation that
was already in the airplane. '

PRECISION

Pregssure measurements.- An appraisgl of the precision
of the wing forces measured by the. instrumenis and the
methods used in these tests is complicated by the wide
range covered and by the impracticability of maintaining
the optimum relation betwecen ingtrument adjustment ‘and
test conditions. Although the errer in the indlvidual
pressure ls influenced by the sonsltivity of the pressure
cell and the location of the orifice, the absolute orror
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tendg to remain constant, with the result that the rela~
tive error is small near the maximum instrument deflec-
tion. The estimated maximum absolute error in the indi~
vidual pressure is no more than 3 pounds per sguare foot
for the high-range cells, which, in general, were conlect-
ed to orifices near the leading edges of the wing and the
taeil surfaces. This absolute error was.about 1 pound per
square foot for the low-range cells, which were generally
used to record pressures near the trailing edges. The in-
dividual pressure records obtained for points located away
from any disturbing area were generally smoother and more
accurate than those near struts or in . the slipsiream.

Aslde from errors in the individual pressures, errors
due to fairing the ridb pressure-distribution curves are of
importance. The absolute error due to fairing, for a given
shape of rib pressure-distribution curve, tends to be con-
stant. There ig, however, a tendency for the error to vary
with the shape of the rib pressure curves and this error
is least in the high-angle-of-attack condition. When these
poselibilities are taken into considération, it is estimat-
ed thet the load at any station along thoe span 1s accurate
to within 10 pounds. The estimated error in total .wing
load or tail load is less than 100 pounds.

Other meggurementg.—~ The indicated air-sveed measure-
ments in steady conditions are believed to be accurate to
within 1~1/2 miles per hour, as shown by several flights
over g measured course. In accelerated maneuvers, such as
in pull-ups, the error may be somewhat greater owing %o
the fact that the air-sveed head is traveling at a dlffer-
ent rate of speed from the wings.

Control-~surface displacements, as given by the con~
trol~posgition recorder, are accurate to within 1/2o and 2°
for the stabilizer and elevator, resvectively, and the con-
trol forces are correct to within 3 pounds. Normal accel-
erations are believed to be accurate to within O.2g and
longitudinal accelerations to within 0,1g.

RESULTS AND DISCUSSION

Wing oresgure digtributien.- Typical time histories
of the results obtained during the flight tests are given
in figures 3 %o 13. PFigures 3 to 6 are typical time his-
tories of the variation of the over-all guarntifies during
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dives and dive pulleouts, push-downs and pull-~ups from

level flight, and push-ups from lnverted flight. Owlng to .
the faect that the total wing loads are obtzmined dy a rel~ "
atively indirect process that ilnvolves much labor, they

are generally given through & consideradly shorter inter-

val of time than the other récords. Differences In the

shape of the various time-~history curves for the same type

of maneuver are caused principally by differences in pi-

loting -technique, although modifying the ridb spacing did

effect a change in both. the cellule moment—relations and

in the downwasgh at the tail. These changes appeared in

the different stabilizer angles required for trimming the
airplane, in the control force, and in the manner in

which o dive pull-odt was made with the modified wings.

Pigurses 7 to 13 show the variation of span loading e
corresponding to some of the runs given in figures 3 to 6.
The span load curves, while showing 'a consistent trend
within a given run, do not compare so well between the
different runs. Since larger discrepancles may be present
in any particular set of curves, real differences between
the original and modified wing lopd distridbution are dif= -
ficult to detect from these figures.and a method of aver-
aging must be.umsed. Aveorage relations were obtained over
each soction by plotting the values of section normal-
force coefficient against wing normal-force coefficionts
as glvon Dby

1 ' L

c = —~ and C = =

BT Je N s

whero Cn is the soction normal-force coefficlent.
Oy, wing normal-force coefficient.

q, Gdynamic pregsure, pounds per square foot.
c, section.chord, feet.
1, section load, pounds per foot of span.

S, wing area, square feet. (moasured to center

line for upper wing, to wing root for lower .
wing).
L, integratvd.load acting on wing areas. .

Figure 14 shows such & plot for soction K and also
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indicates the number of points used to establish each sgecw
tion curve. ZEach point was labeled for the type of mansu-
ver in wnich it was obtained, so that any effect of wing
distortion on the load distribution would be indicated by
the tendency of points revresenting a given manouver to be
consistently either high or low with respvect to those for
steady flight. An examination of all tho section ¢y =
wing Oy relations, similar to those given in figure 14,
failed to show sny such consistent trepnd in the section
load curves, which inferred that for thisg airplane. the
cellule distortion was probably slight. The averagéd
curves of the variation of section ¢, with wing Gy aro

shown in figures 15 and 16 for %the original and modified
wings, respectively. When these figures were plotted, tho
results for sach rib were offsot from those for adjacent
ribs. The results given in fizures 15 and 16 show that
the main difference in the span loading betwsen the orig-
inal and modified wings (see fig. 17) occurs at the cen-
ter section of the unper wing. Thisg difference is a re-
sult of the greater ballooning of the fabric between ribds
on the original wing, which essentially causes ah increase
in the camber, thereby increasing the lift. The effect of
thig change in camber is transferred through inductlon to
an increase in load at the pressure ribs.

A method similar to that used to establish the sec-
tion c¢, ~ wing Oy relations was employed to obtain the
average relations for the section pitching moment. These
relationsg are given in figures 18 and 19 for the original
and modified wings, resvectively. The ordinates for thess
figures are the section pitching—-moment cosfficlents aboub
the wing leading edge (considering normal forces only)
computed from the relation

M
c =

- 5 R . Lo LIoe . - - - T T
gqc

=

|

where MLE ig the moment of the load diagram in pound-feet

per foot. The slopes of these lines indicate the position
of the zerodynaemic center of the individual sectiong, and

the intercept at zero section ¢, gives the congtant mo-

ment (Cmo) about this center. The variastion of the sec-

tion pitching-moment coefficients and aerodynamic centers
along the span is given in figure 20 where 1t can be seen
that the effect of doubling the number of profile ribs was
to reduce the pitching~momont coefficlent as well as to
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cause the section aerodynanic centers to move forward.
Thego diffeorences in the moment relations betwoen the two
wings aro a further result of the difference in fabdric
deflection of the two wings.

Fabric~deflection measurcmernts taken with the origi-
nal wing during terminal-velocity dives indlcated that the
fabric bulged out about 1 inch al sections near the cen-—
ters of the wing semispans, while at the center section
of the upper wing the maximum bulge wes more than 1-1/2
inches, which represented the maximum the gages courld re-
cord. Figure 21 shows to scale the envelope of the fab-
ric deflections nmeasured near the floating rid G during
a mild pull~out from a terminal-velocity dive. At low
1lift coefficients the measured bulge at the nose 1s par-
ticularly interesting since it may have had a considerasble

effect on the value of the wing Cp . . If fabrie dzf lec~
min

tlons had becn measured at large loads for a high-angle-
of attack condition, the deflectipn envelope might also
have indicated an outward bulue oh the upper surfacc of
the leading edge. A :

The offect of the fabric 1ifi on tho section charac-—
teristics, such as ¢, and c¢y, is shown in figure 22,

whero the results for floating rib G. are compared with
those for the adjacont fixed pressurc rlb K. Theso com-
prarisong cover only a limited range, since the pressure
digtribution over rid & was nmeasured for relatively few
dives and dive pull~outs. Since the normal accelerations
were held bolow 5g, the limiting value, tho maximum wing
normal-~force coefficients moasured in the dive pull-outs
were never more than 0.3,

Other over—all quantities obtained from the wing
pressure-distribution tests are shown in figures 23 to 25.
Figure 23 ghows a comparison of the measured relatilve 11ft
distributions for the orlginal and modified wings with the
relative digtribution computed by using the method of ref=
erence 2. The wvalues of the exberlmental pointes havse been
determined from the relations.

Ly Oy Su *+ Ong Sy

Cc = . = $
Yy 7 g8y Ny S5y + Sg
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where Iyy and Ly are the integrated loads for upper and
lower wings, pounds.

S and . the upper and lower wing areas, square
U

feet. Lower wing area does not include tne
part intercepted by the fuselage. '

It can be seen that the results obtained by the method of
reference 2 are in good agreement with experlmental re-
sults. -

The relation of the wing pitching~moment coefficient
to the wing normal-force coefficient ig given in figure 24;
figure 25 shows the variation of lateral centers of pres-—
sure for the wings. As would be expected from the previ-
ous rib-pressure results, the pitching-moment coefficients
at zero 1lift for the wing are slightly greater with the
original rid spacing. The pltching~moment coe*flcients
those for the unper wings, which is a common tralt &xXhib-
ited by binlane arrangements with conventlonal amounts of
positive stagger. --

The lateral centers of pressure (fig. 25) show only
minor changes when a comparison is made between the origi-
nagl and modified wings. For both the upver and lower wings,
the center of pressure remains inboard of the 50-peTceni
proint over the larger part of the llft range.

Full- § ale-tunnel tesgstg.- Although the average pres-
sure~digtribution measurements obtained in the tunnel
agreed falrly well with those obtained in steady flight,
the scatter of points determining the individual section
cp = wing Cy curves was greater. This increased statter

was due in part to the slight changes in flow angularity
with tunnel speed and in part to the fact that the flight
instruments were not sufficiently sensitive for operation
at the low air speeds used during part of the wind-tunnel
tests. The tunnel speeds ranged from approximately 50 to
110 miles per hour, the higher speeds being used at the
low angles of attack.

Typical results from the wind-tunnel force tests are
shown in figures 26 and 27. Figure 26 gives the variation
of airplane lif% and drag coefficients with angle of attack
for the propeller removed. The various curves show the ef-
fect of the presence of the horizomtal tail surfaces and of
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the elevator deflection with zero gtabilizer angle. The
coefficinnts are based on an effective wing area of 429
square feet, which includes the wing area intercepted by
the fuselage. The effect of the propeller on the force-
test characteristics was indicated princlpally in the
value of the airplane minlmum drag coefficient. Thig va-
riation is -summarized in figure 27 and table III for a
range of Reynolds Number from 2.8 x 10° to 13.1 x 10°
with various propeller conditions. Several flight~test
roints obtained from terminal-veloclty dives are 1ncluded.
For the locked-propeller dive, the airplane was fitted
with a brake that held the propellsr in a vertical posi-~
tion,

It can be seen from figure 27 that for this airplane
the propeller (operating at negative thrust) has less drag
when idling than when locked in a vertical position. This
result is for a fixed blade angle of 15.4° at 0.75 R.
Figure 27 also indicates that the propeller drag is any-
where from 10 to 16 percent of the total airplane drpg at
the low 1lift coefficients encountered in the dive and that,

for tho range tested, the variation of CDmin with

Reynolds Number oceurs according to Cp , =X R-©-©°3

This relationship, of course, applies only to the range
testod and is applicable only to this particular type of
airplaone. ' . :

Teil-surfoce vpregsurc disiribution.-~ Results of the
pressure—~distribution tests on the taill are shown in fig-
ures 28 to 31. Figure 28 shows typical time hisgtorleg of
the quantities measured in abrupt pull-ups from level
flight and figure 29 ghows typical time histories of diwve
pulleouts. For the pull-ups (fig. 28), the measured nor-
mal acceleration varies directly with initlal air speed in
spite of & tendoncy for the clevator deflection to be less
at the higher speods. In practically all of the pull-up
tosts, tho pilot exerted a maximum increment of force of
about 120 pounds avplied in a period of about 0.2 second.
For the vertical dives, it can be seen that the pilot gen~
erally imade the pull-oust (fig. 29) by simply relieving theo
push on the stick, rather than by exerting a definite pull
cn the stick as was done in the pull~ups. In the present
case, the necessary increase in the airplane pitching mo-
ment required to causge the pull-out ls brought .about by a
change in the tail rib-load digbribution, as the total
down- tail load is actually decreased in order to pull aut
of the dive. This fact is indicated c¢learly in the lower
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curves of figure 29, where the history of the varigtion of
tail load and of the tail pitching-moment coefficient for
the right half of the horizontal tail surfaces is shown.

The differences between the chord-load distfibution
in an abrupt pull-up from level flight and for the dive
pull—-out may be sean by comparing the rib-load curveés of
figure 30, Thege curves correspond to runs vreviously
shown in figuree 28 -and 2%. Although the maxi mum tail
loads of. figure 30 are of the same order of magnitude (555
pounds for the pull-out, 510 pounds for the pull~up), the
section distributions indicate clearly that two distridbu~
tions must be used in the design of the horizontal tail
surfaces.

The logd distribution across the span varied with the
type of maneuver, as may be seen from figure 31, which
gives the spanwise-load distributions corresponding to the
maximum loads indicated by fthe runs given in figures 28
and 29, The difference in the shames of the span-load
carves (fig. 31) is probably due cither to a change in the
shape of the downwash distridution from the wing or to the
diffecrent thrust conditions encountered in the dive pull~
outes and pull-ups from .level flight.

CORCLUDING REMARXS -

The effect of the greator fabric deflection of the
wings with the wilde profile rid spacing wes to increase
the section pitching moments aiong the spen and to move
the section aerodyanmiec centers rearvard. For airplancs
with fabric—covered wings that are required. to operate ot
high spceds, it is necessary from both aerodynamic and
structurel considerations to prevent excessive fabric dc—
flection.

The mothod of refercnce 2 for computing. the division
of the 1ift between wings gave good agrcement with the éi-
perimental results except near zero lift.

In the pull-ups from level flight, the necessary in-
crements in pitching moment were supplied by an incréase
in the down tail load; whereas, in the dive pull-out, tae
increase. in moment was produced by a change in distribu-
tion with the down load on the tail actually decreasing.
This result indicates clearly the necessity of designing
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the tail on this type of airplane for different rid-load
distributions. '

Drag measurements showed that the i1dling propeller
gave less drag than the propeller locked in a vertical
posltion and that the propeller drag amounts to from 10
to 16 porcent—of the total drag in theo dive. The minimunm
drag coefficiont of this airplanc with the propollecr el-
ther locked or idling is cqual to X R™°:%3 for a range
of Reynolds Numbers from 2,800,000 to.13,100,000.

Langloy Hemorial Acronautical Laboratory,
Naotional Advisory Committce for Aeronautics,
Laongley Fisld, Va., January 17, 1933,
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TABLE I

CHARACTERISTICS OF THE XBM~1 AIRPLANE

Engine, P« & W. R1890-0 - - ~ = - - - -« = 575 hp. at. _
2,100 r.pem. &t
7,500 ft.
Propeller:
Biameter - - - = - - - = - - - - - - - 10 ft.
Blade ocngle at 0475 R - - = = = - — - 15,.4°
Weight during flight tests - - - = - - - 5,800 1b.
High speed at 6,000 fset - - - - - - - - - 131 m.».h,
Stglling speed. - - - - ~ - - - - — - T T 59 “'P;E:m

Areas:

Upper wing (including ailerons)

231 sq. ft,

Lower wing (including aileroans) -~ - - 181 sq. ft.
MOTAL - ~.— - — — - - 412 sq. fb.

Stabilizer (both halveg) -~ - -~ - - - 29.3 sq. ft.

Elevator (both halves) - - - - - - - ~ 27.4 sq. ft.
TOTAL = = — ~ - - =  B5B.7 sg. Tt

Lengths:

Span upper wing - - - - - - - - - - - - 41,0 ft%.

Span lower wing - - ~ - - - - - - - - 40.0 f%.

Chord upper wing - = = = = = = = = = - 74 in,

Chord lower wing -~ - ~ = = = - - - - - 65 in,
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TABLE I - (Cont.)
Lengths (cont, ):

Center-of~gravity location for wing
tests (back oFf leading edge .of lower

wing) - = = = = = ~ -~ = -~ -~ - - - - - 9,6 in.
Centor-of-gravity location for tail

tests (back of leading edge of lower .

ving) - = ~ = = = =~ = =~ & = =4 - = - -~ - 9,2 in,

Ccllule characterigtics?

Airfoil section - — - - - = —1= - - - - - N-22
Dihedral, upper wing - — = - = = = - - = 1,0°
Dihedral, lower wing - - = <~ - = = = - -~ 0°
Sweepback, upper wing ~ - - = - = - - = 7.2°
Swoepback, lower wing - - - =~ = — - - - 0°
Gop (averagoe) - = = = = = = = — - - = - - 6,25 ft.

'
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TABLE II
QRIFICE LOCATIONS
Rib Orifice location, inches back of.lea‘d.ir_lg edge o
1 2 3 4 5 & ? 8 9 10 11 12 13 14

By 11.1]2.1} 3.5| 7.0{13.0{26.0|41.9{6<.0
A7, 11.0]2.0] 3.5] 7.0[/12.9|22.9)34,9]48.0
Ap |1.1}2.0| 3.5} 7,0(|13.0|22.9{34.9|48.0
Bg {1.1}2.1| 3.5| 7.0|13.0|26.0|42.0} 2.1
c 1,1|2.1} 3.5} 7.0|13.0|26.0]42.0)| 62,1
D l.212.1 ] 3.6f 7.1}13.1{25,0{40,0{55.,1|61.3 |64.4!67.4|70.4
E 1.513.1] 5.0|13.0|33.0|54.0|60.4| 67.4
E 2.5[(3.,7"5.2| B7|14.7]24.7|35.7143.7
JL l.1|2.1| 3.5| 6.0|13.0{24.0{38.0|52.0
Hy, | 1.0:2.11 3.6] 6,1|13.0}24.0|38.0|51.9
Hg | 1.1]2.,1| 3.5 6.,0(13.0{24.1|38.1|52.1
Jp {1.0|2.0} 3.5| 6.0{13.0|24.0({38.0{82.0
K l1.1|2.1] 3.6] 6.0{123.0{24.0{38.0|52.0
L 1,1{3.1| 6.,1]15.1{33.1}48.0{54,0| 60.0
M 1.2|3.1] 6.2{15,1(27.6{47.1|83.1{59.1
N 1.712.7| 4.7] 7.7}11.1119.1{25.2|35.1
0 |2.5/4.6| 8.4|18.4|29.7/40.6/46.6|51.6[59.2|67.3
P [2.2]/3.7] 6.1111.3]|22,4|28.3|31.,2!/33.2|38.,9]/48.2}46.4|{51.3]/56.3] 61.2
Q. |2.1]3.7|12,2|20.3[24.2189.5[33.8141,6{48.7
R |2.0{3.5} 6.0{11.5{15.8]23.8|29.8
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TABLE III
VARIATION OF Cp .~ WITH REYNOLDS NUMBER
min
CD Elevator Propeller
min R Source position condition
(deg.)
0520 2,8%106 F.S.T Tail off Removed
.0585 2,8 u 0 "
.0555 2,8 " 5 n
.0560 2,8 " 10 "
. 0565 2.8 1 15 n
.0545 5,05 " 6 ,
0850 2.8 R 9,65 Locked
. 0640 5,05 " 8.15 i
.0620 13,1 Flight - u
.0615 4,89 F.S.T. 7445 22 = 0.979
L0610 11,75 Flight - 22 = 0.985
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Pigure 1.~ The XBM-1 alrplane.
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